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MAC RADIAX INSTRUCTION SUMMARY 




INSTRUCTION 


SYNTAX AND DESCRIPTION 


DUAL MOVE TO 
ACCUMULATOR 


UTA2[.G] rS, jmD, mDh, mD9f 

IF MTA2, AND mDh(mDH) IS SELECTED, SIGN-EXTEND THE CONTENTS OF GENERAL REGIS- 
TER rS TO 40-BITS AND MOVE TO ACCUMULATOR REGISTER mDh(mD!). IF MTA2, AND 
mD IS SELECTED, UPDATE BOTH mDh AND rriDH WITH 40-BIT, SIGN-EXTENDED CON- 
TENTS OF THE SAME rS. IF MTA2.G IS SELECTED, THE ACCUMULATOR REGISTER BITS 
[39:32] ARE UPDATED WITH rS [31:24]; BITS [31:00] OF THE ACCUMULATOR ARE 
UNCHANGED. (THE .G OPTION IS USED TO RESTORE THE UPPER-BITS OF THE ACCUMULATOR 
FROM THE GENERAL REGISTER FILE; TYPICALLY, FOLLOWING AN EXCEPTION.) 


MOVE FROM 
ACCUMULATOR 


MFA rD, fmTh, mTlj [,n] 

MOVE THE CONTENTS OF ACCUMULATOR REGISTER mTh OR ACCUMULATOR REGISTER mT! TO 
REGISTER rD WITH OPTIONAL RIGHT SHIFT. BITS [31+n:n] FROM THE ACCUMULATOR REGIS- 
TER ARE TRANSFERRED TO rD[31:00]. THE RANGE n=0-8 IS PERMITTED FOR THE OUTPUT 
ALIGNMENT SHIFT AMOUNT. IN THE CASE OF n=0, THE FIELD MAY BE OMITTED. 


DUAL MOVE FROM 
ACCUMULATOR 


MFA2 rD, mT [,n] 

MOVE THE CONTENTS OF THE UPPER HALVES OF ACCUMULATOR REGISTER PAIR mT TO REGIS- 
TER rD WITH OPTIONAL RIGHT SHIFT. THE rD[31:16] ARE TAKEN FROM mTH AND 
rD[15:00] FROM THE CORRESPONDING mT8. mTh[31+n: 16+n] || mT8[31+n: 16+n] 
FROM THE ACCUMULATOR REGISTER PAIR ARE TRANSFERRED TO rD[31:00]. THE RANGE n=0 
-8 IS PERMITTED FOR THE OUTPUT ALIGNMENT SHIR AMOUNT. IN THE CASE OF n=0, THE 
FIELD MAY BE OMITTED. 


DIVIDE 


DIVA mD, rS, rT 

THE CONTENTS OF REGISTER rS IS DIVIDED BY rT, TREATING THE OPERANDS AS SIGNED 2's 
COMPLEMENT VALUES. THE REMAINDER IS SIGN-EXTENDED TO 40-BITS AND STORED IN 
mDh AND THE QUOTIENT IS SIGN-EXTENDED TO 40-BITS AND STORED IN mDH. 
m0h[31:00] IS ALSO CALLED HI. mOH [31:00] IS ALSO CALLED LO. 


DIVIDE UNSIGNED 


DNAU mD, rS, rT 

THE CONTENTS OF REGISTER rS IS DIVIDED BY rT, TREATING THE OPERANDS AS UNSIGNED 
VALUES. THE REMAINDER IS ZERO-EXTENDED TO 40-BITS AND STORED IN mDh AND THE 
QUOTIENT IS ZERO-EXTENDED TO 40-BITS AND STORED IN mD!. m0h[31:00] IS ALSO 
CALLED HI. mOU[31:00] IS ALSO CALLED LO. 


MULTIPLY 
(32-BIT) 


MULTA mD, rS, rT 

THE CONTENTS OF REGISTER rS IS MULTIPLIED BY rT, TREATING THE OPERANDS AS SIGNED 
2's COMPLEMENT VALUES. THE UPPER 32-BITS OF THE 64-BIT PRODUCT IS SIGN- 
EXTENDED TO 40-BITS AND STORED IN mDh AND THE LOWER 32-BITS IS ZERO-EXTENDED TO 
40-BITS AND STORED IN THE CORRESPONDING mDI. m0h[31:00] IS ALSO CALLED HI. 
m0![31:00] IS ALSO CALLED LO. IF MMD[MT] IS 1, THEN THE PARTIAL PRODUCT 
rS[15:00] x rT[l5:00] IS NOT INCLUDED IN THE TOTAL PRODUCT. IF MMD[MF] IS 1, 
THEN THE PRODUCT IS LEFT SHIFTED BY ONE BIT, AND FURTHERMORE, IF BOTH OPERANDS ARE 
-1 THEN THE PRODUCT IS SET TO POSITIVE SIGNED, ALL ONES FRACTION, PRIOR TO THE SHIR. 
IF BOTH MMD[MT]AND MMD[MF] ARE 1, THE RESULT IS UNDEFINED. 



FIG.8A 
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INSTRUCTION 


SYNTAX AND DESCRIPTION 


MULTIPLY 
UNSIGNED 
(32-BIT) 


MULTAU mD, rS, rT 

THE CONTENTS OF REGISTER rS IS MULTIPLIED BY rT, TREATING THE OPERANDS AS 

UNSIGNED VALUES. THE UPPER 32-BITS OF THE 64-BIT PRODUCT IS ZERO-EXTENDED TO 40- 

BITS AND STORED IN mDh AND THE LOWER 32-BITS IS ZERO-EXTENDED TO 40-BITS AND 

STORED IN THE CORRESPONDING mDI. m0h[31:00] IS ALSO CALLED HI. m0fi[31:00] IS 

ALSO CALLED LO. IF MMD[MT] IS 1, THEN THE PARTIAL PRODUCT rS[15:00] x 

rTh'vnnl IS NOT INCI UDFO IN THF T0TA1 PRODUCT IF MMDlMFl IS 1 THEN THE RESULT 

I 1 II vJ.UUJ IO MVJ 1 IlllsLVJL/LL/ 111 MIL. \ \J lr\L ll\V/UUvli tl IVIIVIL/I ml J \sj 1, M ILIi MIL l\LJULI 

IS UNDEFINED. 


DUAL MULTIPLY 
(16-BIT) 


MULTA2 /mD, mDh, mDSj, rS, rT 

THE CONTENTS OF REGISTER rS IS MULTIPLIED BY rT, TREATING THE OPERANDS AS SIGNED 
2's COMPLEMENT VALUES. IF THE DESTINATION REGISTER IS mDh, rS[31:16] IS MULTI- 
PLIED BY rT[31:16] AND THE PRODUCT IS SIGN-EXTENDED TO 40-BITS AND STORED IN 
mDh. IF THE DESTINATION REGISTER IS mD!, rS[15:00] IS MULTIPLIED BY rT[l5:00] 
AND THE PRODUCT IS SIGN-EXTENDED TO 40-BITS AND STORED IN mD8. IF THE DESTINATION 
IS mD, BOTH OPERATIONS ARE PERFORMED AND THE TWO PRODUCTS ARE STORED IN THE 
ACCUMULATOR REGISTER PAIR mD. IF MMD[MF] IS 1, THEN EACH PRODUCT IS LEFT 
SHIFTED BY ONE BIT, AND FURTHERMORE. FOR EACH MULTIPLY, IF BOTH OPERANDS ARE -1 
THEN THE PRODUCT IS SET TO POSITIVE SIGNED, ALL ONES FRACTION. 


DUAL MULTIPLY AND 

UUaL IVIULIII LI miU 

NEGATE 
(16-BIT) 


MULNA2 /mD, mDh, mD9j, rS, rT 

THE CONTENTS OF REGISTER rs'lS MULTIPLIED BY rT, TREATING THE OPERANDS AS SIGNED 
2's COMPLEMENT VALUES. IF THE DESTINATION REGISTER IS mDh, rS[31:16] IS MULTI- 
PLIED BY rT[31:16] AND THE PRODUCT IS SIGN-EXTENDED TO 40-BITS, NEGATED (I.E. 
SUBTRACTED FROM ZERO) AND STORE IN mDh. IF THE DESTINATION REGISTER IS mDfi, 
rS[l5:00] IS MULTIPLIED BY rT[15:00] AND THE PRODUCT IS SIGN-EXTENDED TO 40- 
BITS, NEGATED (I.E. SUBTRACTED FROM ZERO) AND STORED IN mDfi. IF THE DESTINATION IS 
mD, BOTH OPERATIONS ARE PERFORMED AND THE TWO PRODUCTS ARE STORED IN THE ACCU- 
MULATOR REGISTER PAIR mD. IF MMD[MF] IS 1, THEN EACH PRODUCT IS LEFT SHIFTED BY 
ONE BIT PRIOR TO SIGN-EXTENSION AND NEGATION, AND FURTHERMORE, FOR EACH MULTI- 
PLY, IF BOTH OPERANDS ARE -1 THEN THE PRODUCT IS SET TO POSITIVE SIGNED, ALL ONES 
FRACTION PRIOR TO SIGN-EXTENSION AND NEGATION. 


COMPLEX 
MULTIPLY, 


CMULTA mD, rS, rT 

rS[31:16] IS INTERPRETED AS THE REAL PART OF A COMPLEX NUMBER. rS[15:00] IS INTER- 
PRETED AS THE IMAGINARY PART OF THE SAME COMPLEX NUMBER. SIMILARLY FOR THE 
CONTENTS OF GENERAL REGISTER rT. AS THE RESULT OF CMULTA, mDh IS UPDATED WITH 
THE REAL PART OF THE PRODUCT, SIGN-EXTENDED TO 40-BITS AND mDfi IS UPDATED WITH 
THE IMAGINARY PART OF THE PRODUCT, SIGN-EXTENDED TO 40-BITS. IF MMD[MF] IS 1, 
THEN EACH PRODUCT IS LEFT SHIFTED BY ONE BIT, AND FURTHERMORE, FOR EACH MULTIPLY, 
IF BOTH OPERANDS ARE -1 THEN THE PRODUCT IS SET TO POSITIVE SIGNED, ALL ONES FRAC- 
TION, PRIOR TO THE ADDITION OF TERMS. 



FIG. SB 
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INSTRUCTION 


SYNTAX AND DESCRIPTION 


32-BIT MULTIPLY-ADD 
WITH 72-BIT ACCUMU- 
LATE 


MADDA mD, rS, rT 

THE CONTENTS OF REGISTER rS IS MULTIPLIED BY rT TREATING THE OPERANDS AS SIGNED 
2's COMPLEMENT VALUES. IF MMD[MT] IS 1, THEN THE PARTIAL PRODUCT rS[15:00] x 
rT[l5:00] IS NOT INCLUDED IN THE TOTAL PRODUCT. IF MMD[MF] IS 1, THEN THE PROD- 
UCT IS LEFT SHIFTED BY ONE BIT, AND FURTHERMORE, IF BOTH OPERANDS ARE— 1 THEN THE 
PRODUCT IS SET TO A POSITIVE SIGNED. ALL ONES FRACTION. IF BOTH MMD[MT] AND 
MMD[MF] ARE 1, THEN THE RESULT OF THE MULTIPLY IS UNDEFINED. 
THE 64-BIT PRODUCT IS SIGN-EXTENDED TO 72-BITS AND ADDED TO THE CONCATENATION 
mDh[39:0] || mD8[31:0], IGNORING mD8[39:32]. THE LOWER 32 BITS OF THE RESULT 
ARE ZERO-EXTENDED TO 40— BITS AND STORED INTO mDQ THE UPPER 40— BITS OF THE 
RESULT ARE STORED INTO mDh. 


32-BIT UNSIGNED MUL- 
TIPLY-ADD WITH 72-BIT 
ACCUMULATE 


MADDAU mD, rS, rT 

THE CONTENTS OF REGISTER rS IS MULTIPLIED BY rT TREATING THE OPERANDS AS UNSIGNED 
VALUES. IF MMD[MT] IS 1, THEN THE PARTIAL PRODUCT rS[15:00] x rT[15:00] IS NOT 
INCLUDED IN THE TOTAL PRODUCT. IF MMD[MF] IS 1, THEN THE RESULT OF THE MULTIPLY 
IS UNDEFINED. 

THE 64-BIT PRODUCT IS ZERO-EXTENDED TO 72-BITS AND ADDED TO THE CONCATENATION 
mDh[39:0] || mDi[31:0], IGNORING mD8[39:32]. THE LOWER 32 BITS OF THE RESULT 
ARE ZERO-EXTENDED TO 40-BITS AND STORED INTO mD!. THE UPPER 40-BITS OF THE 
RESULT ARE STORED INTO mDh. 


DUAL MULTIPLY-ADD, 

OPTIONAL 

SATURATION 


MADDA2[.S] /mD, mDh, mDPj, rS, rT 

THE CONTENTS OF REGISTER rS IS MULTIPLIED BY rT AND ADDED TO AN ACCUMULATOR REG- 
ISTER, TREATING THE OPERANDS AS SIGNED 2's COMPLEMENT VALUES. IF THE DESTINATION 
REGISTER IS mDh. rS[31:16] IS MULTIPLIED BY rT[31:16] THEN SIGN-EXTENDED AND 
ADDED TO mDh[39:00]. IF THE DESTINATION REGISTER IS mD8, rS[15:00] IS MULTIPLIED 
BY rT[l5:00] THEN SIGN-EXTENDED AND ADDED TO mD8[39:00]. IF THE DESTINATION 
IS mD, BOTH OPERATIONS ARE PERFORMED AND THE TWO RESULTS ARE STORED IN THE ACCU- 
MULATOR REGISTER PAIR mD. IF MADDA2.S THE RESULT OF EACH ADDITION IS SATURATED 
BEFORE STORAGE IN THE ACCUMULATOR REGISTER. THE MULTIPLIES ARE SUBJECT TO 
MMD[MF] AS IN MULTA2. THE SATURATION POINT IS SELECTED AS EITHER 40 OR 32 
BITS BY MMD[MS]. 


32-BIT MULTIPLY-SUB- 
TRACT WITH 72-BfT 
ACCUMULATE 


MSUBA mD, rS, rT 

THE CONTENTS OF REGISTER rS IS MULTIPLIED BY rT TREATING THE OPERANDS AS SIGNED 
2's COMPLEMENT VALUES. IF MMD[MT] IS 1, THEN THE PARTIAL PRODUCT rS[15:00] x 
rT[15:00] IS NOT INCLUDED IN THE TOTAL PRODUCT. IF MMD[MF] IS 1, THEN THE PROD- 
UCT IS LEFT SHIFTED BY ONE BIT, AND FURTHERMORE, IF BOTH OPERANDS ARE -1 THEN THE 
PRODUCT IS SET TO A POSITIVE SIGNED, ALL ONES FRACTION. IF BOTH MMD[MT] AND 
MMD[MF] ARE 1, THEN THE RESULT OF THE MULTIPLY IS UNDEFINED. 
THE 64-BIT PRODUCT IS SIGN-EXTENDED TO 72-BITS AND SUBTRACTED FROM THE CONCATE- 
NATION mDh[39:0] || mDI[31:0], IGNORING mD8[39:32]. THE LOWER 32 BITS OF THE 
RESULT ARE ZERO-EXTENDED TO 40-BITS AND STORED INTO mDl. THE UPPER 40-BITS OF 
THE RESULT ARE STORED INTO mDh. 



FIG.8C 
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INSTRUCTION 


SYNTAX AND DESCRIPTION 


32-BIT UNSIGNED MUL- 
TIPLY— SUBTRACT WITH 
72-BIT ACCUMULATE 


USUBAU mD, rS, rT 

THE CONTENTS OF REGISTER rS IS MULTIPLIED BY rT TREATING THE OPERANDS AS UNSIGNED 
VALUES. IF MMD[MT] IS 1, THEN THE PARTIAL PRODUCT rS[15:00] x rT[15:00] IS NOT 
INCLUDED IN THE TOTAL PRODUCT. IF MMD[MF] IS 1, THEN THE RESULT OF THE MULTIPLY 
IS UNDEFINED. 

THE 64-BIT PRODUCT IS ZERO-EXTENDED TO 72-BITS AND SUBTRACTED FROM THE CONCATE- 
NATION mDh[39:0] || mD8[31:0], IGNORING mD![39:32]. THE LOWER 32 BITS OF THE 
RESULT ARE ZERO-EXTENDED TO 40-BITS AND STORED INTO mDB. THE UPPER 40-BITS OF 

TUF RFCIIIT APr CTORFn IMTO mnh 


DUAL MULTIPLY-SUB, 

OPTIONAL 

SATURATION 


USUBA2[.S] /mD, mDH, mD//, rS, rT 

THE CONTENTS OF REGISTER rS IS MULTIPLIED BY rT AND SUBTRACTED FROM AN ACCUMU- 
LATOR REGISTER, TREATING THE OPERANDS AS SIGNED 2's COMPLEMENT VALUES. IF THE DES- 
TINATION REGISTER IS mDh, rS[31:16] IS MULTIPLIED BY rT[31:16] THEN SIGN- 

rvTrkirirn AMr\ ciidtdaatta rDAM ...nur'ZA.AAl ir tuc nrcTiMATiAki DrAiCTTD ic m nfl 
tXILNDLU AND bUolKAUtU rKUM muh|o9:UU|. Ir IHL UtbllNAIlUN KtOlbltK lb mux, 

rS[15:00] IS MULTIPLIED BY rT[15:00] THEN SIGN-EXTENDED AND SUBTRACTED FROM 

mD2[39:00]. IF THE DESTINATION IS mD, BOTH OPERATIONS ARE PERFORMED AND BOTH 

RESULTS ARE STORED IN THE ACCUMULATOR REGISTER PAIR mD. IF MSUBA2.S THE RESULT 

OF EACH SUBTRACTION IS SATURATED BEFORE STORAGE IN THE ACCUMULATOR REGISTER. 


Ann 
AUU 

ACCUMULATORS 


AUUMAl.oJ mUjn,s/j, mljti,J/f 

THE CONTENTS OF ACCUMULATOR mTh OR mTI IS ADDED TO THE CONTENTS OF ACCUMULA- 
TOR mSh OR mS8, TREATING BOTH REGISTERS AS SIGNED 40-BIT VALUES. mDh OR mD8 IS 
UPDATED WITH THE RESULT. IF ADDMA.S, THE RESULT IS SATURATED BEFORE STORAGE. 
THE SATURATION POINT IS SELECTED AS EITHER 40 OR 32 BITS BY MMD[MS]. 


SUBTRACT 
ACCUMULATORS 


SUBMA[.S] mD/hJj, mS/hJj, mTfh,9l 

THE CONTENTS OF ACCUMULATOR mTh OR mT8 IS SUBTRACTED FROM THE CONTENTS OF 

A/V*l IUI II ATAD M CU AD m Cfl TDCATIM/ 1 * DATU DCAICTCDC AC CI^MCA Af\ CIT WAN irC mHU 

ALLUMULAIUK mbh UK mby, IKtAIING bUIH KtOlbltKb Ab blONLU 4L)-bll VALUtb. mUn 
OR mD8 IS UPDATED WITH THE RESULT. IF SUBMA.S, THE RESULT IS SATURATED BEFORE 
STORAGE. THE SATURATION POINT IS SELECTED AS EITHER 40 OR 32 BITS BY MMD[MS]. 


DUAL ROUND 


RNDA2 {ml, mTh, mT9j [,n] 

THE ACCUMULATOR REGISTER mTh OR mTB IS ROUNDED, THEN UPDATED. IF mT, THE 
ACCUMULATOR REGISTER PAIR mTh/mT2 ARE EACH ROUNDED, THEN UPDATED. THE ROUND- 
ING MODE IS SELECTED IN MMD FIELD "RND". THE LEAST SIGNIFICANT BIT OF PRECI- 
SION IN THE ACCUMULATOR REGISTER AFTER ROUNDING IS: 16+n. BITS [l5+n:00] ARE 
ZEROED. THE RANGE n=0-8 IS PERMITTED FOR THE OUTPUT ALIGNMENT SHIFT AMOUNT. 
IN THE CASE OF n=0, THE FIELD MAY BE OMITTED. 



NOMENCLATURE: 

rS, rT = r0-r31 



mD = mDh || mDJ; ALSO FOR mT 
mDh = m0h-m3h; ALSO FOR mSh, mTh 
mDS = m08-m38; ALSO FOR mSh, mTh 
HI = m0h[31:00] 
LO = mOJ[31:00] 

FIG. 8 
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ASSIGNMENT OF INSTRUCTIONS OF PIPE A, PIPE B 





Pipe A 


Pipe B 


THE LOAD/STORE PIPE 


THE MAC PIPE 


MIPS 
32-BIT 
GENERAL 
INSTRUCTIONS 


MIPS 32-BIT GENERAL INSTRUCTIONS 
EXCEPT: 

CE1 CUSTOM ENGINE OPCODES 
MULT(U), DIV(U), MFHI, MFLO, 
MTHI. MTLO. MAD(U), MSUB(U) 


MULT(U), DIV(U), MFHI, MFLO, 
MTHI, MTLO, MAD(U), MSUB(U) 

MIPS 32-BIT ALU INSTRUCTIONS 

NOTE: NO LOAD OR STORE INSTRUCTIONS 


MIPS 
32-BIT 
CONTROL 
INSTRUCTIONS 


J, JAL, JR, JALR, JALX 
SYSCALL. BREAK, 
ALL BRANCH INSTRUCTIONS, 
ALL COPz. SWCz, LWCz 




MIDC1 C 
Mlro I 0 

INSTRUCTIONS 
(NO DOUBLEWORD 
INSTRUCTIONS) 


ALL Mlro ID IPO I KULI lUINo LAULrl. 

MULT(U), DIV(U), MFHI, MFLO 


MULIyU^, L/IV^U^, Mini, Mi Lv 


EJTAG 
INSTRUCTIONS 


DERET, SDBBP 

(INCLUDING MIPS16 SDBBP) 




LEXRA 
CONTROL INSTRUCTIONS 


MTRU, MFRU, MTRK, MFRK, 
MTLXCO.MFLXCO 




LEXRA 
VECTOR ADDRESSING 


LT, ST, 
LTP, LWP, 
LHP(U), LBP(U), 
STP, SWP, 
SHP, SBP 




LEXRA 
MAC INSTRUCTIONS 




MTA2. MFA, MFA2, MULTA, 
MULTA2, MULNA2, CMULTA, 
MADDA, MSUBA, ADDMA, 
SUBMA, DIVA, RNDA2 


LEXRA 
EXTENSIONS TO MIPS 
ALU INSTRUCTIONS 


SLLV2, SRLV2, SRAV2 
ADDR, ADDR2, SUBR, SUBR2, 
SLTR2 


SLLV2, SRLV2, SRAV2, 
ADDR, ADDR2, SUBR, SUBR2, 
SLTR2 


NEW 
LEXRA 
ALU OPERATIONS 


MIN, MIN2, MAX, MAX2, ABSR, 
ABS2, CLS, MUX2, BITREV, 
CMVEQZ, CMVNEZ 


MIN, MIN2, MAX, MAX2, ABSR, 
ABS2, CLS, MUX2, BITREV, 
CMVEQZ, CMVNEZ 



FIG. 9 
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VECTOR ADDRESSING INSTRUCTION SUMMARY 



INSTRUCTION 


SYNTAX AND DESCRIPTION 


LOAD TWINWORD 


LT rT, DISPLACEMENT(BASE) 

THE DISPLACEMENT, IN BYTES, IS A SIGNED 14-BIT QUANTITY THAT MUST BE DIVISIBLE BY 
8 KlNPF IT (YTIIPIF9 ONIY 11 RITC OF THF INSTRUCTION WARM ^IflKI— FYTPNn THF 
PLACEMENT TO 32-BITS AND ADD TO THE CONTENTS OF REGISTER BASE TO FORM THE ADDRESS 
TEMP. LOAD CONTENTS OF WORD ADDRESSED BY TEMP INTO REGISTER rT (WHICH MUST BE 
AN EVEN REGISTER). LOAD CONTENTS OF WORD ADDRESSED BY TEMP+i INTO REGISTER 
rT+1. 


STORE TWINWORD 


ST rT, DISPLACEMENT(BASE) 

THE DISPLACEMENT, IN BYTES. IS A SIGNED 14-BIT QUANTITY THAT MUST BE DIVISIBLE BY 
8 (SINCE IT OCCUPIES ONLY 11 BITS OF THE INSTRUCTION WORD). SIGN-EXTEND THE DIS- 
PLACEMENT TO 32-BITS AND ADD TO THE CONTENTS OF REGISTER BASE TO FORM THE ADDRESS 
TEMP. STORE CONTENTS OF REGISTER rT (WHICH MUST BE AN EVEN REGISTER) INTO WORD 
ADDRESSED BY TEMP. STORE CONTENTS OF REGISTER rT+1 INTO WORD ADDRESSED BY 
TEMPH. 


LOAD TWINWORD, 
POINTER INCREMENT, 
OPTIONAL CIRCULAR 
BUFFER 


L7Pf.Cn] rT, (POINTERjSTRIDE 

LET 7EI//>=C0NTENTS OF REGISTER POINTER. LOAD CONTENTS OF WORD ADDRESSED BY 
TEMP INTO REGISTER rT (WHICH MUST BE AN EVEN REGISTER). LOAD CONTENTS OF WORD 
ADDRESSED BY TEMP+4 INTO REGISTER rT+1. THE STRIDE, IN BYTES, IS A SIGNED 11 -BIT 
QUANTITY THAT MUST BE DIVISIBLE BY 8 (SINCE IT OCCUPIES ONLY 8 BITS OF THE INSTRUC- 
TION WORD). SIGN-EXTEND THE STRIDE TO 32-BITS AND ADD TO CONTENTS OF REGISTER 
POINTER TO FORM NEXT ADDRESS. UPDATE POINTER WITH THE CALCULATED NEXT ADDRESS. 
".Cn" SELECTS CIRCULAR BUFER n=0-2. SEE NOTE 2. 


LOAD WORD, 
POINTER INCREMENT, 
OPTIONAL CIRCULAR 
BUFFER 


LWP[.Cn] rT, (POINTER)STRIDE 

LOAD CONTENTS OF WORD ADDRESSED BY REGISTER POINTER INTO REGISTER rT THE STRIDE 
IN BYTES, IS A SIGNED 10-BIT QUANTITY THAT MUST BE DIVISIBLE BY 4 (SINCE IT OCCU- 
PIES ONLY 8 BITS OF THE INSTRUCTION WORD). SIGN-EXTEND THE STRIDE TO 32-BITS AND 
ADD TO CONTENTS OF REGISTER POINTER TO FORM NEXT ADDRESS. UPDATE POINTER WITH THE 
CALCULATED NEXT ADDRESS. ".Cn" SELECTS CIRCULAR BUFFER n=0-2. SEE NOTE 2. 


LOAD HALFWORD, 
POINTER INCREMENT, 
OPTIONAL CIRCULAR 
BUFFER 


LHP[.Cn] rT, (POINTERjSTRIDE 

LOAD CONTENTS OF SIGN-EXTENDED HALFWORD ADDRESSED BY REGISTER POINTER INTO REG- 
ISTER rT. THE STRIDE, IN BYTES, IS A SIGNED 9-BIT QUANTITY THAT MUST BE DIVISIBLE BY 
2 (SINCE IT OCCUPIES ONLY 8 BITS OF THE INSTRUCTION WORD). SIGN-EXTEND THE STRIDE 
TO 32-BITS AND ADD TO CONTENTS OF REGISTER POINTER TO FORM NEXT ADDRESS. UPDATE 
POINTER WITH THE CALCULATED NEXT ADDRESS. ".Cn" SELECTS CIRCULAR BUFFER n=0-2. 
SEE NOTE 2. 


LOAD HALFWORD 
UNSIGNED, 

POINTER INCREMENT, 
OPTIONAL CIRCULAR 
BUFFER 


LHPUf.CnJ rT, (POINTERjSTRIDE 

LOAD CONTENTS OF ZERO-EXTENDED HALFWORD ADDRESSED BY REGISTER POINTER INTO 
REGISTER rT. THE STRIDE, IN BYTES, IS A SIGNED 9-BIT QUANTITY THAT MUST BE DIVISIBLE 
BY 2 (SINCE IT OCCUPIES ONLY 8 BITS OF THE INSTRUCTION WORD). SIGN-EXTEND THE 
STRIDE TO 32-BITS AND ADD TO CONTENTS OF REGISTER POINTER TO FORM NEXT ADDRESS. 
UPDATE POINTER WITH THE CALCULATED NEXT ADDRESS. ".Cn" SELECTS CIRCULAR BUFFER n 
=0-2. SEE NOTE 2. 



FIG.1 1 A 
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VECTOR ADDRESSING INSTRUCTION SUMMARY 



INSTRUCTION 


SYNTAX AND DESCRIPTION 


LOAD BYTE, 
POINTER INCREMENT, 
OPTIONAI nRCIIIAR 

BUFFER 


LBPf.CnJ rT, (POINTER)STRIDE 

LOAD CONTENTS OF SIGN-EXTENDED BYTE ADDRESSED BY REGISTER POINTER INTO REGISTER 
rT THF ^TRIDF IN RYTFS ft A SIGNFD fi-RIT QUANTITY SIGN-FXTFND THF STRIDF TO ^9- 

II. int. OirVIUL., Ill DIILO, lO n OIUliLU O DM VVVJnll 1 1 1 1 . Olvli UAILIiL/ IIIL OHMUL \\J <J£. 

BITS AND ADD TO CONTENTS OF REGISTER POINTER TO FORM NEXT ADDRESS. UPDATE POINTER 
WITH THE CALCULATED NEXT ADDRESS. ".Cn" SELECTS CIRCULAR BUFFER n=0-2. SEE 
NOTE 2. 


LOAD BYTE 
UNSIGNED, 

POINTER INCREMENT, 
OPTIONAL CIRCULAR 
BUFFER 


LBPU[.Cn] rT, (POINTER)STRIDE 

LOAD CONTENTS OF ZERO-EXTENDED BYTE ADDRESSED BY REGISTER POINTER INTO REGISTER 
rT. THE STRIDE, IN BYTES, IS A SIGNED 8-BIT QUANTITY. SIGN-EXTEND THE STRIDE TO 32- 
BITS AND ADD TO CONTENTS TO REGISTER POINTER TO FORM NEXT ADDRESS. UPDATE POINTER 
WITH THE CALCULATED NEXT ADDRESS. " Cn" SELECTS CIRCULAR BUFFER n=0-2. SEE 
NOTE 2. 


STORE TWINWORD, 
POINTER INCREMENT, 
OPTIONAL CIRCULAR 
BUFFER 


STPf.Cn] rT, (POINTER)STRIDE 

LET 7B0>=CONTENTS OF REGISTER POINTER. STORE CONTENTS OF REGISTER rT (WHICH 
MUST BE AN EVEN REGISTER) INTO WORD ADDRESSED BY TEMP. STORE CONTENTS OF REGIS- 
TER rT+1 INTO WORD ADDRESSED BY TEMP+A. THE STRIDE, IN BYTES, IS A SIGNED 11 -BIT 
QUANTITY THAT MUST BE DIVISIBLE BY 8 (SINCE IT OCCUPIES ONLY 8 BITS OF THE INSTRUC- 
TION WORD). SIGN-EXTEND THE STRIDE TO 32-BITS AND ADD TO CONTENTS OF REGISTER 
POINTER TO FORM NEXT ADDRESS. UPDATE POINTER WITH THE CALCULATED NEXT ADDRESS. 
°.Cn" SELECTS CIRCULAR BUFER n=0-2. SEE NOTE 2. 


STORE WORD, 
POINTER INCREMENT, 
OPTIONAL CIRCULAR 
BUFFER 


SWP[.Cn] rT, (POINTER)STRIDE 

STORE CONTENTS OF REGISTER rT INTO WORD ADDRESSED BY REGISTER POINTER. THE STRIDE, 
IN BYTES, IS A SIGNED 10-BIT QUANTITY THAT MUST BE DIVISIBLE BY 4 (SINCE IT OCCU- 

pirc ONIY R RITC flF THF INKTRIIfTinN WflRrrt 9IGN-FYTFNn THF <iTRinF Tfl "M-RIPs AND 

ADD TO CONTENTS OF REGISTER POINTER TO FORM NEXT ADDRESS. UPDATE POINTER WITH 
THE CALCULATED NEXT ADDRESS. ".Cn" SELECTS CIRCULAR BUFFER n=0-2. SEE NOTE 2. 


STORE HALFWORD, 
POINTER INCREMENT 
OPTIONAL CIRCULAR 
BUFFER 


SHPf.CnJ rT, (PO/NTERjSTR/DE 

STORE CONTENTS OF REGISTER rT[15:00] INTO 16-BIT HALFWORD ADDRESSED BY REGISTER 

PfilNTFR THF ^TRIHF IN RVTF^ K A <XNFm Q-RIT 01 lAMTTfY THAT Ml KT RF IWTCIRI F RY 

2 (SINCE IT OCCUPIES ONLY 8 BITS OF THE INSTRUCTION WORD). SIGN-EXTEND THE STRIDE 
TO 32-BITS AND ADD TO CONTENTS OF REGISTER POINTER TO FORM NEXT ADDRESS. UPDATE 
POINTER WITH THE CALCULATED NEXT ADDRESS. ".Cn" SELECTS CIRCULAR BUFFER n=0-2. 
SEE NOTE 2. 


STORE BYTE, 
POINTER INCREMENT, 
OPTIONAL CIRCULAR 
BUFFER 


SBPf.Cn] rT, (POINTER)STRIDE 

STORE CONTENTS OF REGISTER rT[07:00] INTO BYTE ADDRESSED BY REGISTER POINTER. THE 
STRIDE, IN BYTES, IS A SIGNED 8-BIT QUANTITY. SIGN-EXTEND THE STRIDE TO 32-BITS AND 
ADD TO CONTENTS OF REGISTER POINTER TO FORM NEXT ADDRESS. UPDATE POINTER WITH 
THE CALCULATED NEXT ADDRESS. ".Cn" SELECTS CIRCULAR BUFFER n=0-2. SEE NOTE 2. 


MOVE TO RADIAX, 
USER 


MTRU rT, RADREG 

MOVE THE CONTENTS OF REGISTER rT TO ONE OF THE USER RADIAX REGISTERS: cbsO- 
cbs2, cbe0-cbe2, mmd, IpcO, IpeO, IpsO. THIS INSTRUCTION HAS A SINGLE DELAY SLOT 
BEFORE THE UPDATED REGISTER TAKES EFFECT. 



FIG. 1 IB 
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INSTRUCTION 


SYNTAX AND DESCRIPTION 


MOVE FROM RADIAX, 
USER 


MFRU rT, RADREG 

MOVE THE CONTENTS OF THE DESIGNATED USER RADIAX REGISTER (cbs0-cbs2, cbeO- 
cbe2, mmd, 8pcO, JpsO, fipeO) TO REGISTER rT. 



NOMENCLATURE: 



rT = r0-r31, AND MUST BE EVEN FOR LT, ST, LTP[.Cn], STP[.Cn] 

BASE, POINTER = r0-r31 

STRIDE = 8/9/1 0/11 -BIT SIGNED VALUE (IN BYTES) FOR BYTE/HALFWORD/WORD/TWINWORD OPS. 

DISPLACEMENT = 14-BIT SIGNED VALUE, IN BYTES 

RADREG = cbs0-cbs2, cbe0-cbe2, mmd, dpcO, fipsO, JpeO 

NOTES: 

1. F0R LTPf.Cn], LWPf.Cn], LHP(U)[.Cn], LBP(U)[.Cn], rT= POINTER IS UNSUPPORTED. 

2. WHEN A CIRCULAR BUFFER IS SELECTED, THE UPDATE OF THE POINTER REGISTER 

IS PERFORMED ACCORDING TO THE FOLLOWING ALGORITHM, WHICH DEPENDS ON THE 
SIGN OF THE STRIDE AND THE GRANULARITY OF THE ACCESS. A STRIDE EXACTLY 
EQUAL TO 0 IS NOT SUPPORTED: 

FOR LBP(U).Cn ADN SBP.Cn: 

IF (STRIDE>0 && POINTER[2:0] == 111 && P0INTER[31 :3] 
THEN POINTER<= CBSn[31:3] || 000 
ELSE IF (STRIDE<0 && P0INTER[2:0] == 000 && P0INTER[31 :3] 

THEN P0INTER<= CBEn[31:3] || 111 
ELSE POINTER<= POINTER + STRIDE. 

FOR LHP(U).Cn AND SHP.Cn 

IF (STRIDE>0 && P0INTER[2:0] == 11x && P0INTER[31:3] 
THEN POINTER<= CBSn[31:3] || 000 

ELSE IF (STRIDE<0 && P0INTER[2:0] == OOx && P0INTER[31:3] 

THEN POINTER<= CBEn[31:3] || 110 
ELSE POINTER<= POINTER + STRIDE. 

FOR LWP.Cn AND SWP.Cn 

IF (STRIDE>0 && P0INTER[2:0] == 1xx && P0INTER[31:3] 
THEN POINTER<= CBSn[31:3] || 000 
ELSE IF (STRIDE<0 && POINTER[2:0] == Oxx && P0INTER[31:3] 

THEN P0INTER<= CBEn[31:3] || 100 
ELSE POINTER<= POINTER + STRIDE. 

FOR LTP.Cn AND STP.Cn 

IF (STRIDE>0 && P0INTER[31:3] = 
THEN POINTER<= CBSn[31:3] || 000 
ELSE IF (STRIDE<0 && P0INTER[31:3] = 
THEN P0INTER<= CBEn[31:3] || 000 
ELSE POINTER<= POINTER + STRIDE 



== CBEn) 
== CBSn) 

== CBEn) 
== CBSn) 

== CBEn) 
== CBSn) 



CBEn) 
CBSn) 



FIG.1 1C 
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EXTENSIONS TO MIPS ALU OPERATIONS 



INSTRUCTION 


SYNTAX AND DESCRIPTION 


DUAL SHIFT LEFT 
LOGICAL VARIABLE 


SLLV2 rD, rT, rS 

THE CONTENTS OF rT[31:16] AND THE CONTENTS OF rT[15:00] ARE INDEPENDENTLY 
SHIFTED LEFT BY THE NUMBER OF BITS SPECIFIED BY THE LOW ORDER FOUR BITS OF THE CON- 
TENTS OF GENERAL REGISTER rS, INSERTING ZEROS INTO THE LOW ORDER BITS OF rT[31:16] 
AND rT[15:00]. FOR SLLV2, THE HIGH AND LOW RESULTS ARE CONCATENATED AND 
PLACED IN REGISTER rD. (NOTE THAT A [.S] OPTION IS NOT PROVIDED BECAUSE THIS IS A 
LOGICAL RATHER THAN ARITHMETIC SHIFT AND THUS THE CONCEPT OF ARITHMETIC OVERROW 
IS NOT RELEVANT.) 


DUAL SHIFT RIGHT 
LOGICAL VARIABLE 


SRLV2 rD, rl rS 

THE CONTENTS OF rT[31:16] AND THE CONTENTS OF rT[15:00] ARE INDEPENDENTLY 
SHIFTED RIGHT BY THE NUMBER OF BITS SPECIFIED BY THE LOW ORDER FOUR BITS OF THE 
CONTENTS OF GENERAL REGISTER rS, INSERTING ZEROS INTO THE HIGH ORDER BITS OF 
rT[31:16] AND rT[15:00]. THE HIGH AND LOW RESULTS ARE CONCATENATED AND PLACED 
IN REGISTER rD. (NOTE THAT A [.S] OPTION IS NOT PROVIDED BECAUSE THIS IS A LOGICAL 
RATHER THAN ARITHMETIC SHIFT AND THUS THE CONCEPT OF ARITHMETIC OVERFLOW IS NOT 
RELEVANT.) 


DUAL SHIFT RIGHT 
ARITHMETIC VARIABLE 


SRAV2 rD, rT, rS 

THE CONTENTS OF rT[31:16] AND THE CONTENTS OF rT[15:00] ARE INDEPENDENTLY 
SHIFTED RIGHT BY THE NUMBER OF BITS SPECIFIED BY THE LOW ORDER FOUR BITS OF THE 
CONTENTS OF GENERAL REGISTER rS, SIGN-EXTENDING THE HIGH ORDER BITS OF rT[31:16] 
AND rT[l5:00]. THE HIGHT AND LOW RESULTS ARE CONCATENATED AND PLACED IN REGISTER 
rD. (NOTE THAT A [.S] OPTION IS NOT PROVIDED BECAUSE ARITHMETIC OVERFLOW/UNDER- 
ROW IS NOT POSSIBLE. 


ADD, 

OPTIONAL SATURATION 


ADDRf.Sj rD, rS, rT 

32-BIT ADDITION. CONSIDERING BOTH QUANTITIES AS SIGNED 32-BIT INTEGERS, ADD THE 
CONTENTS OF REGISTER rS TO rT. FOR ADDR, THE RESULT IS PLACED IN REGISTER rD, 
IGNORING ANY OVERFLOW OR UNDERFLOW. FOR ADDR.S, THE RESULT IS SATURATED TO 0 || 
I 31 (IF OVERFLOW) OR 1 || 0 31 (IF UNDERROW) THEN PLACED IN rD.ADDR[.S] WILL NOT 
CAUSE AN OVERROW TRAP. 


DUAL ADD, 

OPTIONAL SATURATION 


ADDR2[.S] rD, rS, rT 

DUAL 16-BIT ADDITION. CONSIDERING ALL QUANTITIES AS SIGNED 16-BIT INTEGERS, ADD 
THE CONTENTS OF REGISTER rS[l5:00] TO rT[15:00] AND, INDEPENDENTLY ADD THE CON- 
TENTS OF REGISTER rS[31:16] TO rT[31:16]. FOR ADDR2. THE HIGH AND LOW RESULTS 
ARE CONCATENATED AND PLACED IN REGISTER rD IGNORING ANY OVERROW OR UNDERFLOW. 
FOR ADDR2.S, THE TWO RESULTS ARE INDEPENDENTLY SATURATED TO 0 || I 15 (IF OVER- 
FLOW) OR 1 || 0 15 (IF UNDERROW) THEN PLACED IN rDADDR2[.S] WILL NOT CAUSE AN 
OVERROW TRAP. 



FIG.12A 
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INSTRUCTION 


SYNTAX AND DESCRIPTION 


SUBTRACT, 

OPTIONAL SATURATION 


SUBRf.Sj rD, rS, rl 

32-BIT SUBTRACTION. CONSIDERING BOTH QUANTITIES AS SIGNED 32-BIT INTEGERS, SUB- 
TRACT THE CONTENTS OF REGISTER rT FROM THE CONTENTS OF REGISTER rS. FOR SUBR, THE 
RESULT IS PLACED IN REGISTER rD IGNORING ANY OVERFLOW OR UNDERFLOW. FOR SUBR.S, 
THE RESULT IS SATURATED TO 0 || 1 31 <IF OVERFLOW) OR 1 || 0 31 (IF UNDERFLOW) THEN 
PLACED IN rD SUBR[.S] WILL NOT CAUSE AN OVERFLOW TRAP. 


DUAL SUBRACT, 

ftDTIAMAI CATI IDATI/tM 

UrllUNAL JiAIUKAIlUN 


SUBR2[.S] rD, rS, rT 

hiiai ic bit ci iDTDA/riftM rnMcinrDikir aii miAkmnrc ac cirwrn ic_dit imttttpc 
DUAL ID— Oil oUdIKAUIUIN. UJNolUtKINb ALL UuANIIIIto Ao oMNtU I D — Dl I IINItbLtO, 

SUBTRACT THE CONTENTS OF REGISTER rT[15:00] FROM rS[l5:00] AND , INDEPENDENTLY 
SUBTRACT THE CONTENTS OF REGISTER rT[31:16] FROM rS[31:16]. FOR SUBR2, THE 
HIGH AND LOW RESULTS ARE CONCATENATED AND PLACED IN REGISTER rD IGNORING ANY 
OVERFLOW OR UNDERFLOW. FOR SUBR2.S, THE TWO RESULTS ARE INDEPENDENTLY SATU- 
RATED TO 0 || I 15 (IF OVERFLOW) OR 1 || 0 15 (IF UNDERFLOW) THEN PLACED IN rD. 
SUBR2[.S] WILL NOT CAUSE AN OVERFLOW TRAP. 


DUAL SET ON LESS 
THAN 


SL7R2 rD, rS, rT 

DUAL 16-BIT COMPARISON. CONSIDERING BOTH QUANTITIES AS SIGNED 16-BIT INTEGERS, 
IF rS[15:00] IS LESS THAN rT[l5:00] TO 0 15 || 1, ELSE TO ZERO. 
INDEPENDENTLY, CONSIDERING BOTH QUANTITIES AS SIGNED 16-BIT INTEGERS, IF 
rS[31:16] IS LESS THAN rT[31:16] THEN SET rD[31:16] TO 0 15 || 1. ELSE TO ZERO. 



NOMENCLATURE: 

rD = r0-r31 
rS = rO-r31 
rT = rO-r31 

FIG.12B 
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ALU OPERATIONS 



INSTRUCTION 


SYNTAX AND DESCRIPTION 


MINIMUM 


MIN rD, rS, rT 

THE CONTENTS OF THE GENERAL REGISTER rT ARE COMPARED WITH rS CONSIDERING BOTH 
QUANTITIES AS SIGNED 32-BIT INTEGERS. IF rS<rT OR rS=rT,rS IS PLACED INTO rD. IF, 
rS>rT,rT IS PLACED INTO rD. 


DUAL MINIMUM 


UIN2 rD, rS, rT 

THE CONTENTS OF rT[31:16] ARE COMPARED WITH rS[31:16] CONSIDERING BOTH QUAN- 
TITIES AS SIGNED 16-BIT INTEGERS. IF rS[31:16]<rT[31:16] OR rS[31:16]= 
rT[31:16], rS[31:16] IS PLACED INTO rD[31:16]. IF, rS[31:16]>rT[31:16], 
rT[31:16] IS PLACED INTO r0[31:16]. A SIMILAR, INDEPENDENT OPERATION IS PER- 
FORMED ON rT[15:00] AND rS[15:00] TO DETERMINE rD[15:00]. 


MAXIMUM 


MAX rD, rS, rT 

THE CONTENTS OF THE GENERAL REGISTER rT ARE COMPARED WITH rS CONSIDERING BOTH 
QUANTITIES AS SIGNED 32-BIT INTEGERS. IF rS>rT OR rS=rT, rS IS PLACED INTO rD. IF, 
rS<rT, rT IS PLACED INTO rD. 


DUAL MAXIMUM 


MAX2 rD, rS, rT 

THE CONTENTS OF rT[31:16] ARE COMPARED WITH rS[31:16] CONSIDERING BOTH QUAN- 
TITIES AS SIGNED 16-BIT INTEGERS. IF rS[31:16]>rT[31:16] OR rS[31:16]= 
rT[31:16], rS[31:16] IS PLACED INTO rD[31:16]. IF, rS[31:16]<rT[31:16], 
rT[31:16] IS PLACED INTO rD[31:16]. A SIMILAR, INDEPENDENT OPERATION IS PER- 
FORMED ON rT[15:00] AND rS[l5:00] TO DETERMINE rD[15:00]. 


ABSOLUTE, 

OPTIONAL SATURATION 


ABSR[.S] rD, rT 

CONSIDERING rT AS A SIGNED 32-BIT INTEGER, IF rT>0, rT IS PLACED INTO rD. IF rT< 
0, rT IS PLACED INTO rD. IF ABSR.S AND rT=1 || 0 31 (THE SMALLEST NEGATIVE NUM.- 

bLKJ IHtN 0 II 1 ^Int LAKbtbl rUolllvt NUMotKj lb KLALLU INIU ID, U 1 ntKVYIbt, Ir 
ABSR AND rT=1 || 0 31 , rT IS PLACED INTO rD. 


DUAL ABSOLUTE, 
OPTIONAL SATURATION 


ABSR2[.S] rD, rT 

ABS[.S] OPERATIONS ARE PERFORMED INDEPENDENTLY ON rT[31:16] AND rT[l5:00], 

^UNblUtKINb tAlyM IU tit 10-BII olbNtU INItbtKo. W lo UrUAILU VfllM IML ADoULUIL 
VALUE OF rT[31:16] CONCATENATED WITH THE ABSOLUTE VALUE OF rT[l5:00]. 


DUAL MUX 


MUX2l[.HH],[.HL],[LH],[.LL]l rD, rS, rT 

rD[31:16] IS UPDATED WITH rS[31:16] FOR MUX2.HH OR MUX2.HL 
rD[31:16] IS UPDATED WITH rS[l5:00] FOR MUX2.LH OR MUX2.LL 
rD[15:00] IS UPDATED WITH rT[31:16] FOR MUX2.HH OR MUX2.LH 
rD[15:00] IS UPDATED WITH rT[15:00] FOR MUX2.HL OR MUX2.LL 


COUNT LEADING SIGN 
BITS 


CLS rD, rT 

THE BINARY-ENCODED NUMBER OF REDUNDANT SIGN BITS OF GENERAL REGISTER rT IS 
PLACED INTO rD. IF rT[31:30]=10 OR 01, rD IS UPDATED WITH 0. IF rT=0, OR IF rT 
=1 32 , rD IS UPDATED WITH 0 27 || I 5 (DECIMAL 31). 



FIG.13A 



Appl. No. 09/637,500 
Amdt. Dated April 10, 2006 
Reply to Office Action of December 8, 2005 
Replacement Sheet 



1300 




ALU OPERATIONS 



INSTRUCTION 


SYNTAX AND DESCRIPTION 


BIT REVERSE 


BITREV rD, rT, rS 

A BIT-REVERSAL OF THE CONTENTS OF GENERAL REGISTER rT IS PERFORMED. THE RESULT IS 
THEN SHIFTED RIGHT LOGICALLY BY THE AMOUNT SPECIFIED IN THE LOWER 5-BITS OF THE 
CONTENTS OF GENERAL REGISTER rS, THEN STORED IN rD. 



NOMENCLATURE: 



rD = r0-r31 
rS = r0-r31 
rT = r0-r31 

FIG.13B 
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CONDITIONAL OPERATIONS 



INSTRUCTION 


SYNTAX AND DESCRIPTION 


CONDITIONAL MOVE ON 
EQUAL ZERO 


CMVEOZf.Hj [1] rD. rS. rT FULL 32-BIT 

IF THE GENERAL REGISTER rT IS EQUAL TO 0, THE GENERAL REGISTER rD IS UPDATED WITH 
rS; OTHERWISE rD IS UNCHANGED. FOR[.H] IF rT[31:16] IS EQUAL TO 0, THE FULL 32-BTT 
GENERAL REGISTER rD[31:00] IS UPDATED WITH rS; OTHERWISE rD IS UNCHANGED. FOR 
[1] IF rT[15:00] IS EQUAL TO 0, THE FULL 32-BIT GENERAL REGISTER r0[31:00] IS 
UPDATED WITH rS; OTHERWISE rD IS UNCHANGED. 


CONDITIONAL MOVE ON 
NOT EQUAL ZERO 


CUVNEZ[.H] f.Lj rD, rS, rT 

IF THE GENERAL REGISTER rT IS NOT EQUAL TO 0, THE GENERAL REGISTER rD IS UPDATED 
WITH rS; OTHERWISE rD IS UNCHANGED. FOR [.H] IF rT[31:16] IS NOT EQUAL TO 0, THE 
FULL 32-BIT GENERAL REGISTER rD[31:00] IS UPDATED WITH rS; OTHERWISE rO IS 
UNCHANGED. FOR [.I] IF rT[15:00] IS NOT EQUAL TO 0, THE FULL 32-BIT GENERAL REGIS- 
TER rO[31:00] IS UPDATED WITH rS; OTHERWISE rD IS UNCHANGED. 



NOMENCLATURE: 

rD = r0-r31 
rS = r0-r31 
rT = r0-r31 

USAGE NOTE: 

WHEN COMBINED WITH THE SLT OR SLTR2 INSTRUCTIONS, THE CONDITIONAL MOVE INSTRUCTIONS CAN BE USED TO 
CONSTRUCT A COMPLETE SET OF CONDITIONAL MOVE MACRO-OPERATIONS. FOR EXAMPLE: 



if(r3<r4) rK— r2 

CMVLT r1,r2,r3,r4 == 
if(r3>=r4)r1<— r2 

CMVGE r1,r2,r3,r4 == 
if(r3<=r4)rK-r2 

CMVLE r1,r2,r3,r4 == 
f(r3>r4) rK— r2 

CMVGT r1,r2,r3,r4 == 



=> SLT AT,r3,r4 
CMVNEZ r1,r2,AT 



=> SLT AT,r3,r4 
CMVEQZ r1.r2.AT 



=> SLT AT,r4,r3 
CMVEQZ r1.r2.AT 



=> SLT AT.r4.r3 
CMVNEZ r1.r2.AT 



FIG. 14 
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ADDMA[.S], 
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I. LOAD/STORE FORMATS 





31 26 25 21 20 


17 16 




6 


5 0 






LEXOP 
011J11 


BASE 


rt-EVEN 


IMMEDIATE 


SUBOP 






6 




5 




4 




11 






6 




ASSEMBLER MNEMONIC 


BASE 


rt-EVEN 


IMMEDIATE 


LEXRA SUBOP 


LT 


BASE 


rt-EVEN 


DISPLACEMENT/8 


LT 


ST 


BASE 


rt-EVEN 


DISPLACEMENT/8 


ST 




31 26 25 


2120 


16 15 


8 


7 6 


5 0 






LEXOP 
01 1_1 1 1 


POINTER 


rt 


IMMEDIATE 


CC 


SUBOP 






6 




5 




5 




8 




2 


6 




ASSEMBLER MNEMONIC 


POINTER 


rt 


IMMEDIATE 


cc 


LEXRA SUBOP 


LBP[.Cn] 


POINTER 


rt 


STRIDE 


cc 


LBP 


LBPU[.Cn] 


POINTER 


rt 


STRIDE 


cc 


LBPU 


LHP[.Cn] 


POINTER 


rt 


STRIDE/2 


cc 


LHP 


LHPUf.Cn] 


POINTER 


rt 


STRIDE/2 


cc 


LHPU 


LWP[.Cn] 


POINTER 


rt 


STRIDE/4 


cc 


LWP 


LTP[.Cn] 


POINTER 


rt 


STRIDE/8 


cc 


LTP 


SBP[.Cn] 


POINTER 


rt 


STRIDE 


cc 


SBP 


SHP[.Cn] 


POINTER 


rt 


STRIDE/2 


cc 


SHP 


SWP[.Cn] 


POINTER 


rt 


STRIDE/4 


cc 


SWP 


STP[.Cn] 


POINTER 


rt 


STRIDE/8 


cc 


STP 



BASE.POINTER.rt SELECTS GENERAL REGISTER r0-r31. 

rt-EVEN SELECTS GENERAL REGISTER EVEN-ODD PAIR rO/r1 ,r2/r3,...r30/r31 

STRIDE SIGNED 2s-C0MPLEMENT NUMBER IN BYTES. MUST BE AN INTEGRAL NUMBER OF 
HALFWORDS/WORDS/TWINWORDS FOR THE CORRESPONDING INSTRUCTIONS. 

DISPLACEMENT SIGNED 2s-C0MPLEMENT NUMBER IN BYTES. MUST BE AN INTEGRAL NUMBER OF WINWORDS. 

CC 

00 SELECT CIRCULAR BUFFER O(cbsO.cbeO) 

01 SELECT CIRCULAR BUFFER 1 cbsl.cbel) r „ ^ «n t a 

10 SELECT CIRCULAR BUFFER 2(cbs2,cbe2) Hlj. I /A 

11 NO CIRCULAR BUFFER SELECTED 
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II. ARITHMETIC FORMAT 



31 



26 25 



2120 



16 15 



1110 98 7 6 5 



LEX0P 
01 1_1 1 1 



rs 



rd 



hi 



2 111 



SUB0P 



ASSEMBLER MNEMONIC 


rs 


rt 


rd 


hi 


s 


d 


LEXRA SUBOP 


ADDR[.S],ADDR2[.S] 


rs 


rt 


rd 


0 


s 


d 


ADDR 


SUBR.S,SUBR2[.S] 


rs 


rt 


rd 


0 


s 


d 


SUBR 


SLTR2 


rs 


rt 


rd 


0 


0 


1 


SLTR 


SLLV2 


rs 


rt 


rd 


0 


0 


1 


SLLV 


SRLV2 


rs 


rt 


rd 


0 


0 


1 


SRLV 


SRAV2 


rs 


rt 


rd 


0 


0 


1 


SRAV 


MIN.MIN2 


rs 


rt 


rd 


0 


0 


d 


MIN 


MAX.MAX2 


rs 


rt 


rd 


0 


0 


d 


MAX 


ABSR[.S],ABSR2[.S] 


0 


rt 


rd 


0 


s 


d 


ABSR 


MUX2.[LL I LH,HL,HH] 


rs 


rt 


rd 


hi 


0 


1 


MUX 


CLS 


0 


rt 


rd 


0 


0 


0 


CLS 


BITREV 


rs 


rt 


rd 


0 


0 


0 


BITREV 



rs.rt.rd 

SELECTS GENERAL REGISTER r0-r31. 



SELECTS SATURATION OF RESULT. s=1 INDICATES THAT SATURATION IS PERFORMED, 
d 

d=1 INDICATES THAT DUAL OPERATIONS ON 16-BIT DATA ARE PERFORMED, 
hi (FOR MUX2) 



00 
01 
10 
11 



LL:rD=rs[15:00] || rt[15:00] 



LH:rD=rs 
HL:rD=rs 
HH:rD=rs 



15:00] || rt[31:16] 
31:16] || rt[15:00] 
31:16] || rt[31:16] 



FIG.17B 
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MAC FORMAT A 
31 26 25 



21 20 



16 15 



1110 9 8 7 6 5 



LEXOP 
011J11 



rs 



md 



SUBOP 



11111 



ASSEMBLER MNEMONIC 


rs 


rt 


md 


u 




s 


d 


LEXRA SUBOP 


CMULTA 


rs 


rt 


md 


0 


0 


0 


0 


CMULTA 


DIVA(U) 


rs 


rt 


md 


u 


0 


0 


0 


DIVA 


MULTA(U) 


rs 


rt 


md 


u 


1 


0 


0 


MADDA 


MULTA2 


rs 


rt 


md 


0 


1 


0 


1 


MADDA 


MADDA(U) 


rs 


rt 


md 


u 


0 


0 


0 


MADDA 


MADDA2[.S] 


rs 


rt 


md 


0 


0 


s 


1 


MADDA 


MSUBA(U) 


rs 


rt 


md 


u 


0 


0 


0 


MSUBA 


MSUBA2[.S] 


rs 


rt 


md 


0 


0 


s 


1 


MSUBA 


MULNA2 


rs 


rt 


md 


0 


1 


0 


1 


MSUBA 


MTA2[.G] 


rs 


0 


md 


0 


g 


0 


1 


MTA 



rs.rt 
md 



SELECTS GENERAL REGISTER r0-r31. 
SELECTS ACCUMULATOR, ONNHL WHERE, 



NN=mO-m3 
HL 

00=RESERVED 
10=mNh 



01=mN1 
11=mN 



SELECTS SATURATION OF RESULT. s=1 INDICATES THAT SATURATION IS PERFORMED. 
d=1 INDICATES THAT DUAL OPERATIONS ON 16-BIT DATA ARE PERFORMED. 



s 
d 

gz FOR MTA2, USED AS "GUARD" BIT. IF g=1,BITS [39:32] OF THE ACCUMULATOR (PAIR) ARE 

LOADED AND BITS [31:00] ARE UNCHANGED. IF g=0, ALL 40 BITS [39:0] OF THE ACCUMULATOR (OR PAIR) 
ARE UPDATED. 

FOR MADDA.MSUBA.USED A "ZERO" BIT. IF z=1, THE RESULT IS ADDED TO 
(SUBTRACTED FROM) ZERO RATHER THAN THE PREVIOUS ACCUMULATOR VALUE; THIS PERFORMS A MULTA, 
MULTA2 OR MULNA2. IF z=0, PERFORMS A MADDA.MSUBA.MADDA2 OR MSUBA2. 



TREAT OPERANDS AS UNSIGNED VALUES (0=S!GNED,1=UNSIGNED) 



FIG.17C 
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IV. MAC FORMAT B 



31 26 25 2120 16 15 1110 7 6 5 0 



LEXOP 
011J11 


00000 


mt 


rd 


so 


d 


SUB0P 



6 5 5 5 4 1 6 



ASSEMBLER MNEMONIC 


mt 


rd 


so 


d 


LEXRA SUB0P 


MFA.MFA2 


mt 


rd 


so 


d 


MFA 


RNDA2 


mt 


0 


so 


1 


RNDA 



rd 

SELECTS GENERAL REGISTER r0-r31. 

mt SELECTS ACCUMULATOR, ONNHL WHERE, 



NN=mO-m3 
HL 

00=RESERVED 
01=mN1 
10=mNh 
11=mN 

d 

d=1 INDICATES THAT DUAL OPERATIONS ON 16-BIT DATA ARE PERFORMED, 
so 

ENCODED ("OUTPUT") SHIFT AMOUNT n=0-8 FOR RNDA2.MFA.MFA2 INSTRUCTIONS. 



FIG.17D 
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V. MAC FORMAT C 



31 26 25 21 20 16 15 11 10 8 7 6 5 0 



LEXOP 
011.111 


ms 


mt 


md 


000 


s 


0 


SUB0P 



6 5 5 5 3 1 1 6 



ASSEMBLER MNEMONIC 


ms 


mt 


md 


s 


LEXRA SUB0P 


A0DMA[.S] 


ms 


mt 


md 


s 


ADDMA 


SUBMA[.S] 


ms 


mt 


md 


s 


SUBMA 



mt,ms,md 



SELECTS ACCUMULATOR, ONNHL WHERE, 

NN=mO-m3 
HL 

00=RESERVED 
01=mN1 
10=mNh 
11=mN 

s 

SELECTS SATURATION OF RESULT. s=1 INDICATES THAT SATURATION IS PERFORMED. 



FIG.17E 
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VI. RADIAX MOVE FORMAT AND LEXRA-COPO MTLXCO/MFLXCO INSTRUCTIONS 

31 26 25 21 20 16 15 11 10 8 7 6 5 



LEX0P 
011.111 



00000 



ru/rk 



000 



SUB0P 



6 



1 1 



ASSEMBLER MNEMONIC 


rt 


ru/rk 


k 


LEXRA SUBOP 


MFRU 


rt 


ru 


0 


MFRAD 


MTRU 


rt 


ru 


0 


MTRAD 


MFRK 


rt 


rk 


1 


MFRAD 


MTRK 


rt 


rk 


1 


MTRAD 



SELECTS GENERAL REGISTER r0-r31. 
rk 

SELECTS RADIAX KERNEL REGISTER IN MFRK.MTRK INSTRUCTIONS-CURRENTLY ALL RESERVED. HOWEVER, 
A COPROCESSOR UNUSABLE EXCEPTION IS TAKEN IN USER MODE IF THE CuO BIT IS 0 IN THE CPO STATUS 
REGISTER WHEN MFRK OR MTRK IS EXECUTED. 

ru 

SELECTS RADIAX USER REGISTER IN MFRU.MTRU INSTRUCTIONS. 



00000 
00001 
00010 
00011 
00100 
00101 
00110 
00111 
01xxx 
10000 
10001 
10010 
10011 
101 xx 
11000 
11001 
111xx 



cbsO 
cbsl 
cbs2 

RESERVED 
cbeO 
cbel 
cbe2 

RESERVED 

RESERVED 

2ps0 

JpeO 

UpcO 

RESERVED 
RESERVED 
mmd 

RESERVED 
RESERVED 



FIG.17F 
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LEXRA-COPROCESSORO REGISTER ACCESS INSTRUCTIONS 



31 26 25 2120 16 15 1110 0 



COPO 
010.000 


MFLX 
00011 


rt 


rd 


000 0000 0000 


6 5 5 5 11 
31 26 25 21 20 16 15 11 10 0 


COPO 
010.000 


MTLX 
00111 


rt 


rd 


000 0000 0000 



ASSEMBLER MNEMONIC 


Copz rs 


rt 


rd 


MFLXCO 


Max 


rt 


rd 


MTLXCO 


MTLX 


rt 


rd 



THESE ARE NOT LEXOP INSTRUCTIONS. THEY ARE VARIANTS OF THE STANDARD MTCO AND MFCO 
INSTRUCTIONS THAT ALLOW ACCESS TO THE LEXRA COPROCESS0R0 REGISTERS LISTED BELOW. AS WITH ANY 
COPO INSTRUCTION, A COPROCESSOR UNUSABLE EXCEPTION IS TAKEN IN USER MODE IF THE CuO BIT IS 0 IN 
THE CPO STATUS REGISTER WHEN THESE INSTRUCTIONS ARE EXECUTED. 

rt 

SELECTS GENERAL REGISTER r0-r31. 
rd 

SELECTS LEXRA COPROCESSORO REGISTER: 

00000 ESTATUS 

00001 ECAUSE 

00010 INWEC 

00011 RESERVED 
001 xx RESERVED 
01 xxx RESERVED 
1xxxx RESERVED 

FIG.17G 
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VII. CMOVE FORMAT 



31 26 25 21 20 16 15 11 10 98 6 5 0 



LEXOP 
011J11 


rs 


rt 


rd 


00 


C0ND 


SUB0P 



6 5 5 5 2 3 6 



ASSEMBLER MNEMONIC 


rs 


rt 


rd 


COND 


LEXRA SUBOP 


CMVEQZ[.H][.L] 


rs 


rt 


rd 


COND 


CMOVE 


CMVNEZ[.H][.L] 


rs 


rt 


rd 


COND 


CMOVE 



rs,rt,rd 

SELECTS GENERAL REGISTER rO-r31. 
COND 



CONDITION CODE FOR rT OPERAND REFERENCED BY THE CONDITIONAL MOVE. 

000 EQZ 

001 NEZ 

010 EQZ.H 

01 1 NEZ.H 

100 EQZ.L 

101 NELL 
11x RESERVED 



FIG.17H 



